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ABSTRACT 


The determination of a system's life distribution usually 
requires the synthesis of a mixture of system survival modes. 
In order to alleviate the normal non-trivial calculations, 
this paper presents the concept of a reliability shorthand. 

After describing the possible ways a system can survive 
amission, the practitioner of this shorthand can use stock 
formulas to obtain a system's survival function. Then simple 
insertion of the failure rates of the system's components 
imco the Known equations results in the system's reliability. 

Simple examples show the convenience of this shorthand. 
The Ti-59 is demonstrated to be a useful tool, adequate to 


implement the methodology. 
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ee ROG IL LON 


fenis generally accepted that the reliability of a system 
Meeche probability that the system will operate adequately 
for a given period of time in its intended application.. The 
determination of a system's life distribution usually requires 
the synthesis of a mixture of modes in which the system can 
Survive. One can assuredly state that the calculations can 
be non-trivial. 

iititse paper will present the concept of a reliability 
shorthand which can greatly simplify the degree of mathema- 
tical difficulty usually encountered in determining the re- 
liability of a system. After describing the possible ways 
a system can survive a mission, the practitioner of this 
reliability shorthand methodology can specialize a standard 
formula to obtain a system's survival function. Then simple 
insertion of the failure rates of the system's components 
into known preformulated equations results in the system's 
meltability. 

The convenience of this methodology is demonstrated 
through several simple examples. The reliability shorthand 
for many systems is catalogued in Appendix A as a ready 
reference. In Appendix B is a Ti-59 program which allows 
bouethe easy calculation of a system's reliability for two 


general cases of the shorthand methodology. 





The concept of a reliability shorthand was first intro- 
ijecdeim tne Operations Research course O0A4662, ‘Reliability 
and Weapons System Effectiveness Measurement'. The concept 
Mas evolved with each presentation of the course. It is 
hoped this paper will be a beneficial tutorial aid for the 
students of that course, and act as an introduction to the 


Fopic for the interested reader. 





Peek eo laow Olly SonORTHAND 


As a convenient shorthand we will use the convention that 
mene expression EXP(A ) = EXP (A) denotes the distribution for 
a random variable T + Ts where T > rT igo mace penden ge T 
has an EXP(A ) iss Geib Ura on, and T has an EXP (A) distribu- 
mron. fhe lite distribution of many systems can be usefully 
described using this shorthand. 

ite the following examples we typically suppose that the 
components of the systems fail independently and have expo- 


mential life distributions. 


A A SYSTEM HAVING TWO ACTIVE COMPONENTS IN SERIES 
A two component series system functions if, and only if, 
both active components, A, and As function. The life of the 


system, T, would be the minimum of the two component lives, 


4 4 
l va 


PlGuiCce: iWOrnGliVE COMPONENTS IN SERIES 


‘j = min(T , TD. 


We will assume qT use G2) au ee T = EXP(A ), and T > T are 
l 
miagependent. The system's survival function is 


Bet) =—P (Tt) 


IP Owls tolCJE Rae eae) 
iE Zz 


PAG l St le 
| Z 





Using the assumptions of independence and components having 


exponential life distributions we obtain 


je Gap) Ge )) P(T >t) 


EB Ct eee (ot) 
l 2 


Re BA 
= 6 e 


ao ee 


mmemelite distribution of the system is T ~ EXP (A. ek 


=e 


When X =X =, then F(t) =e alae) = EXP (2X). 
1 


2 
Miitmeshorthand notation EXP(Zi) represents the life distribu- 
tion of a system where two identical components must both 


function for the system to survive. 


B. A STANDBY SYSTEM HAVING ONE ACTIVE AND ONE SPARE COMPONENT 
An active component, A, is to complete a mission of dura- 
tion t. A spare component, S, 1s available to automatically 
replace the active component should it fail. The life of the 
active component is ie The life of the spare component is 
c The life of the system is T = - us 
In determining the survival function of this system, we 
first describe how the system can survive to successfully 
memplete a Mission of duration t. Component A can live to 
time t with the spare never being utilized, or component A 
can fail at some intermediate time s. Then the spare component 


automatically replaces the failed component, and component S must 


ives irom time s to time t to successfully complete the mission. 
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With ie T independent, the survival function of the system 
can be represented as: 

F(t) = F (t) + f° F (t-s) £ (s)ds, 
where F (t) is the probability of component A living to time 
i, £ (s) is the likelihood that component A fails at some time 
s, and F (t-s) is the probability that component S lives from 


mime s to time t. 


TIME 
: = 


— 
WORKING COMPONENT 5 


lave 2: A SINGLE ACTIVE COMPONENT WITH ONE SPARE COMPONENT 


ill? Ideoweacan Components 





If the active and spare components are identical, then 


TT SEXP (A), T =) eee ae T Teearewindependent, and T = Li 
Z 


+ T The survival function is now expressed as 


Ge) = 5a plea MOSS) eg eae 


-At | a 
a 


-AS 
=e “2 e < 


r ds 


ot}; oO 


ea ns Secs ds 


wet ge At raty 


(i+ een 


iMiemsnOrthand NOtation for this survival function is 
Peet) + EXP(A). Visualize this as a system having one EXP 


(A) component, and upon that component's failure the system 
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has a completely new and identical EXP(A) component because 
ee the spare. 
fee lissimzlar Components 
If the active and spare components are dissimilar, 
then y . EXP(A ), T zs EXP(A ), T > T are independent, and 
T = qT a Bs tee rOrmumlauloneoestne Survival function for 


this system is identical to the case of similar components, 


except for the change in failure rates. The survival function 





1S 
We) 2 Pose: 2 ey eS as 
z 2 x : 
5 6 SUE s fe Bale Cen bode 
= Bp ue a Wer ee Ia) oa 
1 0 
eames een coy je (1 42) a5 
1 a ee 1 2 
1 2 
o A1-h2 = Ce Ay -Aot _ -(A1;—Az2)t 
Toe Seen: (l-e ) 


= On aye oi + woe gees te) 
iA 


eae age . We See : eg Cai) 
ie 
i e Aat A,t 


= l Ee: 
Mi —X2 


iieesieorenonademOtatlon for this survival function is 


A ,€e r2 


EXP(A,) + EXP(A2). As the active component fails a new compo- 
nent takes its place to complete the same task, however, the 
new component has a different failure rate than that of the 


initial component. 


TZ 





fee of} STEM HAVING TWO ACTIVE COMPONENTS IN PARALLEL 
Pooeeconpolecmrnpanablel system functions if, and only if, 
maces t one Gomponent functions. The life of the system, T, 


moula be the maximum of the two component lives, T = max (T , 
1 


lie) 
2 





PGUREwS 1 vOwACH IVE “(COMPONENTS iN PARALLEL 


Now assume T PEC ieee wee NPT A }, and T , T are 
i Z 2 1 2 


independent. The survival function of the parallel system 


1s 


F(t) P(max(T , a) 


1 - P(max(T , ee ) 


1 - P(T <t, T st). 
Using the assumption of independence 
F(t) = 1 - UP ese) 2s t)] 

ewe F(t) (1 F(t) 1 

=l1-([1- F (t) - F(t) + F (t)F (t)] 

= F (t) + F(t) - F Ce) F(t). 
Using the assumption that the components have exponential life 
distributions, the resulting life distribution is 
eee eo : a7 x: Ao )t 


+ 


et 


IES 





When } =r =X, the survival function is 
1 


Z 
= - - - - - ~ 
mt) = é Mo 2 At _ - CSP Xt . ‘ a (A, Ao )t 


2 
The life of the parallel system begins with both active compo- 
Memes Lunctloning together for system survival. The time until 
one of the components fails has the distribution EXP(A). When 
omen ot the components fails, the memoryless property of the 
exponential distribution provides that the surviving component 
Mmisean additional EXP(A) life with which to complete the mission. 
The shorthand notation for the survival function of the simple 
M@orarlel system of identical components is EXP(2ZA)}) + EXP(A). 
Now we will demonstrate the ease of using the reliability 
eienthand, compared to alternative calculations for determining 


a system's reliability. Recall that EXP(A ) PeENP Oy } is the 
Zz 


mimi nand notation for the survival function 
ape 82s . Wiel c 
A: — x 


i 2 
Noting that the parallel system is described by EXP(2A) + 


F(t) = 


fee), we can see the simplicity of substituting ZA for a 
and id for r, into the known survival function equation. The 


resulting survival function is 
wyig LIS ec 
ar (X) 


: MCGe 8S 4 OS 
x 


SC et 
F(t) 


= ghee) pethe 
= = - € 


The survival functions are equivalent using either method, 
however, the shorthand methodology uses merely substitution 


and simple mathematics. 
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D. <A STANDBY SYSTEM HAVING TWO ACTIVE COMPONENTS IN SERIES 
WITH ONE SPARE COMPONENT 


Consider a system which has two identical components in 
series with a similar component as a standby spare which 


automatically replaces the first component that fails. 


Mecure 4: TWO ACTIVE COMPONENTS IN SERIES WITH ONE SPARE 
COMPONENT 


The system has component times to failure T exe (Aye 
i ~ EXP(X) and spare component time to failure qT, m EXP) 
with T Ts T, independent. This system can complete its 
mission of duration t in two possible ways. It can survive 
m the original components live to time t and the spare 
component is never needed. Alternatively, one of the active 
components could fail at some intermediate time s, causing 
the system to fail. At that time the surviving component is 
like new and the spare component replaces the failed component 
creating a brand new series system to complete the mission 


from time s to time t. 


iS 





In determining the yeoeem susurvival LUNnCtion using re- 
ieabiltty shorthand, we recall that a two component series 
system has an EXP(2\) life distribution. With the spare com- 
mement replacement the system accomplishes the task as if it 
Mad two independent series systems to function consecutively. 
The shorthand notation is simply EXP(2\A) + EXP(2A). 

Recall that the shorthand notation EXP(A) + EXP(A) repre- 
sents the life distribution where the survival function is 
P(t) = (1 + hee oe To determine the survival function of 
EXP(ZA) + EXP(2A) we substitute 2A for A into the known 
formula and obtain 

Face 2itye -° 

The usual method of determining the survival function is 
meomely more involved. The system can survive if the original 
Series system lives to time t with no spare required. If one 
of the original components fails at some intermediate time s, 
then the spare component and the surviving component combine 
aS a new series system. Both of the components of the new 
series system must live from time s to time t for the system 
to complete the mission. We formulate the survival function 


2 a 2At t “A(t-s) -A(t-S)5,,72A45 


as 2) + fre 


ds 


om! of 


eee Pee ne NS HX ESAS 
=e e “e e 


-2XS 
e e 


ue 


TON ds 


: -2 
e 2ZAt a seer A 
eet -2At 
a a a Se 


(255) 
ott 


(1 + 2At)e 
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The results are identical but the difference in mathe- 
matical difficulty is obvious. To easily determine a system's 
life distribution one need only be able to describe how the 
System successfully survives a mission, and then take advantage 
of the simple reliability shorthand methodology. In the next 
chapter we will expand this notation to include mixing of 


@rstributions. 
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iste ioc Grlis Gelso l [ONS 


In previous cases of systems utilizing spare components 
we assumed that those spare components would automatically 
and successfully replace failed components. Successful 
meplacement OCCUrred with probability equal to one. Perfect 
equipment in real life does not exist. We will assume that 
switchover and replacement by a spare component occurs with 
meooapllity p, where O<p<l. No transfer occurs with proba- 


ppelaty i-p. 


A. MIX NOTATION 
EOoreceneral application let dD and dD. represent the 

Prebability distributions of the independent random times to 
failure Ts and T . Let DT : Ds stand for the distribution 
of the sum TT r T . Now let the notation 

MIX(p D , pd.) 
denote the mixture of the distributions D and dD. With respect 
femene mixing probabilities P, and Pi» where Pp < Pp, = ie 
imesemixture of distributions has the survival function 

e= pera (ties per (t), 
where IGS, and F(t) are the survival functions for Dd and 


D 
2 


mo. oySstem having two Active Components in Parallel 


A simple parallel system continues to survive as long 


femetrner active component still functions, regardless of the 
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order inwhich they fail. Assume component AL has life T = 
EXP(A;), Component AY has life - a EXP(A,), T T are inde- 
pendent, and T = maximum (T , v): 

From what we know of parallel systems, the life dis- 
—!ribution is EXP(A, + ) + EXP(A ) if component AY is the 
mirst to fail, or it is EXP(A, th ) + EXP (A |) if component 


A fails first. The probability that A fails before A is 
1 Z 


r4 


| =a and that A fails before A is 
is 2 v2 1 


The system 
EXP(A>2) 


ERP (M0 #\.) + 
i Pd 


EXP(\,) 





Usameche MIX notation this life distribution is 


A d 
Trey EXPOA2) 5 (Foe R EXPO). 


The survival MiietlOmeioit seh1sS dilStribution 1S 


Mee AG tAa)t it 4 ce Ss) do Geos) 
=e + ! Loom © + ar C ] 


EXP(A, + A.) + MIX{( 








F(t) 


Rem cr? 82)? \ ds. 


Applying techniques used previously the survival function 


becomes 
E(t) = a Ves eee en. de -- Me | 2 ade 
7 a (Arta 4)t fA phat (yg Ait) pit eye ety 
Be ee ee (As 2) E- 


This demonstrates that this MIX notation does represent the 


parallel system's survival function 


Me: 





F(t) = BAe) + F(t) - Eco (tc). 
me Disterpucive Property 
The MIX notation has an algebraic distributive proper- 
ty. Notationally we have 
4 ’ ae +) fi) “ D asim, : 
D + MIX(p,D., p,D J= MIX[p (D, 2 lee id 
meemapnic representation of the distributive property is 


Seow in figure 5. 


MeoewReE 9: DISTRIBUTIVE PROPERTY OF THE MIX NOTATION 


For our parallel system example note that 





=> = = hy = =e 
Dd EXP(A2), dD. bee kaa Be Aritr2? SF AL tA> ’ 
and D. = EXP(A1+A2). Using these values we see that 





MEA +h.) + MIX [ (GE) EXP (Aa), (GSE EXP (A) | is 
equivalent to 
MA r 
Tan [EXP(\,+A2) + EXP(A2)], (typ) FEXP Oita) 
*EXP(A,)]}]]. Note that this is of the form MEX(p D 








MIX [ ( 


pid). 

Grveslducer “iq mOotation, wiich combines known distri- 
butions, is easier to use computationally than the MIX nota- 
tion previously given. Utilizing the known distribution of 


Peery) + EXP{A.), which has the survival function 
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Wee Cee 


ye ie 


Pemean casily convert our MEX notation to determine the 


marallel system's life distribution. 


SsScirieineg tars SUEVvIVvVal function into our MIX no- 


tation for the parallel system we obtain 
rr yp (irtigve “*2) ts: (x, )07 1*42)* 
(t) a Creo | AitrAd = do : 
(az pOatazve OF Cripe Or2)* 
Neos Ne AitrAd = AX 
By cancelling the A,'s in the first term and the A2's in the 





weeonrd term, then dividing both terms by the denominator, 
(A1+tA2), the survival function reduces to that of the simple 


parallel system 


a a © a A2t : Be (Cee ay 


F(t) ~ 
As seen in the previous section the alternative method 
Of determining the system's survival function takes the gene- 
ral form 
F(t) = F (t) + fp F (t-s)£,(s)ds + fp F (t-s)f, (s)ds. 
The reliability shorthand methodology would appear to be 


memererable. 


-_» 


fms otandby System Having one Active and a Possible 
Spare Component 


An active component, A, is replaced when it fails by 

a spare component, S, with probability p. The system has an 

ieee COMpONent time to failure T .~ EXP(A), a spare compo- 
i 


nent time to failure T ~ EXP(A), and T , T are independent. 
i ie 


ZL 





TIME O S t 


WORKING COMPONENT jo  & 





POGURE 6: A SINGLE ACTIVE COMPONENT POSSIBLY HAVING ONE SPARE 
COMPONENT 


(em eeeewOre ete syStemers | = T with probability 
Mp, Or it is TsT, it T With probability p. The shorthand 
method of determining the system's life distribution is to 


view the survival function as a combination of two possible 


distributions. If no switchover occurs the life T could be 
tT having F(t) = a or if switchover occurs T could be 
uy ap T having F(t) = (1 + \t)e At, Miewsurvival tunct ions 


F(t) and F(t) Cceun Wrtnepronvabilities l-p and p, respec- 
mevery. The life distribution 1s a mixture of the possible 
distributions where 

ic) = p) F(t) + pF (t). 
laws the system's survival function is 


F(t) = ericn + p(itatjye ** 


Sects SE AGe : 
TS “pe a ONS aw pate se 
=e ty, prte *¢ 
~ (1+prtjye **, 


iiecmilvuerilatemMetnod Of determining the life distri- 


Dution of the system is to derive its survival function in 


ZZ 





terms of its possible ways of mission success. The original 
component could survive to time t with no spare component 
meaurred, Or the Original component could fail at some inter- 
Mediate time s. The spare component then replaces the origl- 
nal component with probability p, and it must live from time 

S to time t to successfully complete the mission. The system's 


eurvival function is then 


Ae) = ot P rt Oe PO 


0 
0 


Sees pe Sd ds 


Pee 
=e 


ds 


pe 
pemere > em as 


pe ** (at) 
-ht 


+f 


= (1 + pAtje 
Using the MIX notation we need only write 


Medi pyEXP(A), oD(EXP(A) + EXP(A))}. 


the graphic representation is 


1l-p EXP (A) 


Pp Ee ort Ee) 
The convenience of the shorthand methodology is again demon- 


SeGpated. 


Eee DEGENERACY AT ZERO 

Let ZERO be the name for the distribution of a random 
variable that is degenerate at zero. If p(T =0] = 1, then we 
Say TT Mas the distribution ZERO, or ye ZERO. The survival 


function for T is as shown in Figure 7. 
0 


to 
oe 





F (t) 
0 


PeeGuikin 7; SURVIVAL FUNCTION OF THE ZERO DISTRIBUTION 


The notion of a ZERO distribution compliments the MIX 
notation. Assume D, 1s the distribution of a nonnegative 
random variable is which has the survival function F (t) and 
mae density f(t), WiewemeZU ees can then visualize the 
Survival of a component as a combination of F (t) and F(t). 
fie survival function is 

F(t) = F (t) + iF (t-s)£ (s) ds. 

Since F (t-s) = 0 for the ZERO distribution, the survival 
mamecion, F(t), is simply F (t). The ZERO distribution adds 
nothing to another distribution's density, D + ZERO = D 

In the MIX notation we could have MIX (pD , Oly YAEL IG) 

Mmepresent the survival function of a distribution. This 


would be graphically represented as 


1l-p ZERO 
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The survival function for this notation is 
p F (t) + (1-p)F (t) 
eee C=p) (0) 

p F(t) 


The probability p need not be 1 since a system may not work 


F(t) 


TA 


when it is turned on. 

POL an example of the ZERO distribution's utilization, 
let us take the standby system composed of a single active 
component having a spare component for replacement. In sec- 
tion II-A we saw that T was To Veen propabi lity =p, or I was 


tT + i Voeieenobabpi lity p. “lm our MIX notation this would 
be 

MIX(p[EXP(A) + EXP(A)], (1-p) [EXP(A) ]). 
ieee were not tor the ZERO distribution our distributive 
Peeeperctcy would not hold. With the ZERO distribution this 
MIX notation can be reexpressed as 

mee) + MIX[pEXP(A), (1-p) ZERO]. 


Figure 8 graphically represents this equivalence, keeping in 


moma that EXP(A) + ZERO = EXP(A). 


D EXP(A) + EXP(A) D EXP (A) 


= EXP(A) + 
l-p EXP(A) + ZERO oe ZERO 


meeene 8: DISTRIBUTIVE PROPERTY INCORPORATING THE ZERO 
DISTRIBUTION 


ao 





IV. SUMMARY 


By learning a simple style of notation and applying it 
to the survivability of a system, the reliability practitioner 
can determine the life distribution of the system with non- 
calculus mathematics. 

Appendix A is provided as a start for a ready reference 
@atalogue of systems and their reliability shorthand. 

Through the use of computers we can reduce the burden 
Seecalculating the survival functions for many systems. 

Two of the general reliability shorthand cases have been 
maooranmmed fLoOr the Ti-59 and they are presented in Appendix 
B. The examples provided in that section will demonstrate 
@ieecomputational convenience of the shorthand methodology. 

The total scope and depth of the reliability shorthand 
methodology is yet to be investigated. Computationally, 
waeoes requiring the convolution of identical failure rates 
and distinct failure rates both have known survival function 
algorithms. Further study is required to determine if there 
is a useable algorithm which will permit the combination of 
both cases. This paper was designed to introduce this con- 
cept and its known properties to those already familiar with 
reliability. After seeing the convenience and benefit of 
@iemreliability shorthand methodology it is hoped the reader's 


interest will be further stimulated. 
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Ree NOES A 


This section contains several examples of the more common 
systems and their associated reliability shorthand. The 
monmat facilitates the addition of other systems in order to 


build a more thorough ready reference catalogue. 


Zh 





Sou bh: 


SHORTHAND: Eee) 


SURVIVAL FUCTION: F(t) = e ** 


MeaCRIPTION: 


A single active component having an exvonential life 


@stribution. 
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Ty] pee ii 


Sas Uahye 


l 2 


SHORTHAND: EXP(A, + Ao) 


SURVIVAL FUNCTION: F(t) = e (41 * A2It 


BeoGkRIPTION: 


A two component series system which requires both 


components to function for the system to survive. 


ae 






/7a= JIHMerodro> OWA 


7 ath: Ei 


eas (EM: 


ia Gi 


> 


SHORTHAND: EXP, (A) + EXP2(A) + ... + EXP (A) 
= n dhe 
SURVIVAL FUNCTION: F(t) = ay ee 


1=1 


PESCRIPTION: 

A single active component has n-1l identical spare compo- 
nents. As each component fails it is replaced by a new 
identical component which allows the system to survive. The 


System has n consecutive EXP(A) lives. 
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SOs Ne @ 


SHORTHAND: EXP(A ) + EXP(A ) + ... + EXP(A,) 
elec (As ; 
SURVIVAL FUNCTION: F(t) = 2 eb i+ e pee 


DeoCRIPTION: 

pesangle active component has n-1 dissimilar spare com- 
Mements. AS each component fails it is replaced by a new 
Semponent which allows the system to survive. Each of the 
meeonponents has a different failure rate, and the system 


has n consecutive EXP(A,) lives. 
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ero EM: 


SHORTHAND: EXP(2A) + EXP(2X) 


E =) 
PURVEVAL FUNCTION: F(t) = (1 + 2atje “** 


DESCRIPTION: 

Pmsehles system Composed of two identical active components 
has another identical component available as a snare. The 
Original series system has a EXP(2A) life. When either 
@emponent tails and the spare takes its place, the system has 


a new EXP(2A) life. 


S72 





exo EM: 





SmORIPMAND: EXP(2\) + EXP(A) 


SUPVOVAL FUNCTION: F(t) =2e%* . _ 7At 
DESCRIPTION: 

ine parallel system has two identical active components 
mamerktoning together with an EXP(2\) life for system survival. 
When either component fails the surviving component is as if 
Mewewith an EXP(A) life. This new component alone functions 


for system survival. 





Sposa & 





SHORTHAND: ECG) t eX 2X) SEXP (A) 


= Co pee Ae PeNete 


SURVIVAL FUNCTION: F(t) = 4e 2rte- 
Deo CRIPTION: 

A parallel system composed of two identical components 
has a similar component as a spare which will replace the 
meust component that fails. The original system functions 
With a EXP(2A) life until a component fails. When it is 


mombaked a new parallel system exists which has a life of 


EXP(2\) + EXP(A). 
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Solem: 





SHORTHAND:  EXP(2A) + EXP(X) + EXP(A) 


-ZAt At 


SURVIVAL FUNCTION: F(t) + 2hte- 


BeEoek I PTION: 

A parallel system composed of two identical components 
has a similar component as a spare which will replace the 
last component that fails. The original system functions 
with an EXP(2\) + EXP(A) life until both components have 
failed. When the last component is replaced the system 


Survives by the new component which has an EXP(\) life. 





INS oN). Saas) 


INTRODUCTION 


There are two general cases in reliability shorthand 
where the aid of a programmable calculator greatly simplifies 
the tedious calculation of a system's survival function. 

Case one in reliability shorthand is of the form EXP(A),) 
fxr (As) + ... + EXP(A ); and each of the n failure rates 


are different. When the system description a oe a form, 


n 
3 EXP(\.), the survival function is F(t) = oly ~AGt 
1 | ae =] Mea 


1 
Case two in reliability shorthand is of the form EXP()) 

+ EXP (4) a chaehs.. EXP (A), and each of the n failure rates 

are identical. When the system description is of this form, 


2s a OME eee 
» EXP. (A), ties Survival function iS F(t) = £ came © 


1=j i=) 
USeREeEROCEDURES 


1. Use any library module and readin side one of the magnetic 
feared. 

Beeeror case one the survival function is found using Label 
meeenter t in Rog? n in Roy> and the n different failure 


maces in Ri through R PlemOordeheor cle Aw'S does 


iS. $+ (ar )- 
not matter. Press [A] for the system reliability. 


3. For case two, the survival function is found using Label 
pee Enter t in Rog» n in Ry 1? and A in R13. cscs Or tite 


mwaoeem reliability. 
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4. 


Using 92” 


00 
O01 
wz 
03 
04 
06 
07 


The Maximum m for case two is not limited. 


The maximum 


omcace One —’selamited to 4/ due to the partioning 479.59. 


05 O WD PY 


d 


used 
used 
used 
used 


used 


Cas 


8 
18 
34 
55 
80 


EAD Goo) 


C.One = 


seconds 
seconds 
seconds 
seconds 


seconds 


€ 
a 
7 
_ 


E' 


LBL A 


7 


PIOw Ce wheGlote RICONTENTS 


08 
09 
10 
It 
Tz 


IL Oy, 


EXAMPLE RUN TIMES 


Ct 


5 
5 
i 

10 

IZ 


OP 17 the maximum n can be increased to 77. 


sin 
cos 


Gam 


used 
used 
used 
used 


used 


Case two - LBL B 


seconds 
seconds 
seconds 
seconds 


seconds 





SAMPLE PROBLEMS 


ASE ONE: 
Meomapility shorthand: EXP(\,) + EXP(A,) + EXP(A3) 


Longhand form: 


rT AoArA3 -A,t A1A3 -rX5t 
cc) = 5 + 
(4 (A2—Ai) (As—A1 sg (A1—A2) (A3—A2) = 
A 1A2 Reese 
A1—A3) (AoA 3 
Bemple Waltes: t = 2, n = 3, Ai= .5, Ap = .6, AZ = .7 
Procedure: 


1) Enter sample values, t=2 STO 00, n=3 STO O1, A,=.5 
Evers, A>—=.6 STO 14, and A3=.7 STO 1S. 
2) Press [A] and F(t) is displayed. F(t)=.88262530 
for TWO: 
Pemerapility shorthand: EXP, (A)*+EXP.(A)+EXP3;(A)+EXP.(A) + 
EXPs (A) 


Longhand form: 





F(t) = ae + 











Sample values: t=2, n=5, and A=.5 
FagOcedaure : 
ime enter sample value, t=2 STO 00, n=5 STO 01, and 
ae lO 13 
2) Press [BJ and F(t) is displayed. F(t)=.9963401532 





FLOWCHART : 


START 


ENTER 
DATA 


INITIALIZE 
WORK 
REGISTERS 


COMPUTE 








NO 





LABEL A, CASE 1 


oS 


NO 








year STORE 


FOR WORK 






RCL 06,SUM 10 
REINITIALIZE 







YES 
RCL 10 © F(t) 





PeOWGnART = sLABEL By CASE 2 


START 


ENTER 
DATA 


INITIALIZE 
WORK 


REGISTERS 





YES 






CALCULATE 


Qty tt 
(i-1)! ,PRDO7 
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